Non-invasive techniques for testing the integrity of cholinergic networks in patients with neurodegenerative diseases are of increasing interest clinically. Short-latency afferent inhibition (SAI) is one example. SAI is a paired-pulse transcranial magnetic stimulation (TMS) technique in which TMS motor evoked potentials (MEPs) recorded in hand muscles are attenuated by conditioning stimuli to a peripheral nerve 20 ms before the magnetic stimulus to the motor cortex (Tokimura et al., 2000; Chen et al., 2008; Chen, 2013) .
Although the precise circuitry mediating SAI is unknown, it is likely to involve a fast pathway from the periphery to the motor cortex via thalamocortical projections, either directly or indirectly (Chen, 2013) . SAI is reduced in cholinergically-mediated dementias (Di Lazzaro et al., 2002 , 2005a , 2007b Nardone et al., 2008) and after administration of the muscarinic antagonist scopolamine (Di Lazzaro et al., 2000) ; it is also increased after a single dose of a cholinesterase inhibitor and may predict long term response to this drug (Di Lazzaro et al., 2005a) . This has led to interest in this neurophysiological technique as a biomarker for cognitive decline in neurodegenerative diseases such as Alzheimer's and Lewy body diseases (Di Lazzaro et al., 2002 , 2007b Nardone et al., 2008; Celebi et al., 2012; Yarnall et al., 2013; Cromarty et al., 2016) . Other neurotransmitters that are involved in SAI include c-aminobutyric acid (GABA) and dopamine, with pharmacological studies demonstrating differing effects on SAI with administration of benzodiazepines and L-DOPA/D2-agonists (Di Lazzaro et al., 2005b , 2007a Martorana et al., 2009 Martorana et al., , 2013 .
The decline in cholinergic and dopaminergic function and changes in sensorimotor integration during the ageing process might suggest that SAI should decrease with age. However, the small studies that have looked at the effects of age on SAI have produced conflicting results (Oliviero et al., 2006; Degardin et al., 2011; Young-Bernier et al., 2012) . The aim of our study was to resolve this issue by testing SAI across a range of ages in a much larger sample of healthy controls.
Sixty-nine healthy participants were recruited from two cohorts: 43 from the ICICLE-PD study (Khoo et al., 2013; Yarnall et al., 2013 Yarnall et al., , 2014 ; 26 were students/staff at Newcastle University. Mean age was 53.4 years (standard deviation 21.7; range 21-90). Exclusion criteria were: (1) contraindications to magnetic stimulation; and (2) medication or medical conditions that could affect somatosensory evoked potentials (SEPs)/MEPs/SAI (Yarnall et al., 2013) . All experiments were approved by a local research ethics committee and performed according to the Declaration of Helsinki, with subjects providing written informed consent.
Surface electromyogram (EMG) was recorded from abductor pollicis brevis (APB) and first dorsal interosseous (FDI) of the dominant upper limb with adhesive Ag-AgCI gel electrodes (Biosense Medical Ltd). SEPs were recorded via adhesive EEG electrodes (Neuroline 720, Ambu, Denmark) applied to the scalp using a bipolar montage (F3-C3 or F4-C4; international 10-20 system).
Signals were amplified (EMG gain 1000-2000; EEG gain 50 k) and bandpass filtered (EMG 30 Hz-2 kHz; EEG 3 Hz-2 kHz), using a Digitimer D360 system (Letchworth Garden City, Herts, UK), before being digitised at 5 kHz by a Power1401 interface (Cambridge Electronic Design Ltd, Cambridge, UK) connected to a computer running Spike2 software (Cambridge Electronic Design Ltd).
SEPs were obtained by stimulating the median nerve at the wrist and averaging evoked EEG responses (2000 raw sweeps; repetition rate 5 Hz). Stimuli (single pulses; pulse width 200 ls; range 4-25 mA) were delivered using a constant current stimulator (Digitimer DS7A) via adhesive electrodes (cathode proximal; Biosense Medical Ltd). Stimulus intensity was adjusted to just above motor threshold, as determined by a visible twitch in APB.
TMS of the motor cortex was performed using a high power Magstim 200 (Magstim Co. Whitland, Dyfed, Wales) circular TMS coil (130 mm diameter). An anticlockwise coil current was used to stimulate the left hemisphere (right hand) and vice versa. MEPs were recorded from the contralateral FDI muscle. Resting motor threshold (RMT) was determined as the percentage of maximum stimulator output which elicited a threshold MEP (approximately 50 lV in 5 out of 10 trials) at rest.
The SAI protocol used was based on Tokimura et al. 's study (2000) and is described in detail elsewhere (Yarnall et al., 2013; Cromarty et al., 2016) . In short, conditioning electrical stimuli were delivered to the median nerve and test stimuli to the motor cortex at five interstimulus intervals (ISIs) relative to the latency of the N20 component of the SEP to median nerve stimulation (from N20 to N20+4 ms in 1 ms steps). The sequence of unconditioned and conditioned MEPs at each ISI was randomized during testing. Peak-to-peak amplitude of conditioned MEPs at each ISI were averaged and expressed as a percentage of the averaged unconditioned MEP (Di Lazzaro et al., 2000; Nardone et al., 2008) . Normalisation of the test stimulus is essential in comparative studies. For the test MEP this should ideally be set in the middle of the stimulusresponse curve for each subject, thus avoiding ceiling or floor effects. However, deriving MEP recruitment curves is timeconsuming. Alternative, more rapid methods have therefore been used for afferent inhibition studies. One approach is to set the test MEP peak-to-peak amplitude to approximately 1 mV (Di Lazzaro et al., 2000) . The other is to set the magnetic stimulator at a predefined level above resting motor threshold (Denoordhout et al., 1992) . Recent evidence has shown that the latter is the less variable method for making between subject comparisons (Pitcher et al., 2015) . We therefore set the magnetic test stimulus at 20% above resting motor threshold for each subject.
